The clinical results of bilateral total knee replacement staged at a one-week interval during a single hospital admission were compared with bilateral total knee replacements performed under the same anaesthetic and with bilateral total knee replacements performed during two separate admissions. The data were retrospectively reviewed. All operations had been performed by the same surgeon using the same design of prosthesis at a single institution.
The clinical results of bilateral total knee replacement staged at a one-week interval during a single hospital admission were compared with bilateral total knee replacements performed under the same anaesthetic and with bilateral total knee replacements performed during two separate admissions. The data were retrospectively reviewed. All operations had been performed by the same surgeon using the same design of prosthesis at a single institution.
The operative time and length of stay for the one-week staged group were comparable with those of the separate admission group but longer than for the patients treated under one anaesthetic. There was a low rate of complications and good clinical outcome in all groups at a mean follow-up of four years (1 to 7.2). The group staged at a one-week interval had the least blood loss (p = 0.004).
With appropriate patient selection, bilateral total knee replacement performed under a single anaesthetic, or staged at a one-week interval, is a safe and effective method to treat bilateral arthritis of the knee.
The surgical strategy for dealing with patients who have severe bilateral arthritis requiring total knee replacement (TKR) remains controversial. Bilateral TKRs can be performed either simultaneously or sequentially under the same anaesthetic, staged under two anaesthetics during one admission, or staged separately during two admissions. The main advantage of bilateral TKRs under the same anaesthetic relates to reduced cost, reduced hospital stay and convenience. [1] [2] [3] [4] [5] However, same-anaesthetic bilateral TKR results in a greater physiological insult and has been reported to have an increased rate of peri-operative complications. [3] [4] [5] [6] Bilateral TKR during separate admissions avoids this concern and allows full rehabilitation of the first knee before the second operation, but for patients with bilateral arthritis there is often a delay in achieving full benefit until both knees have been replaced. 7 Bilateral TKRs staged one week apart during one hospital admission represents a compromise, but there are few studies reporting this approach. 8, 9 Although a longer hospital stay is reported, it allows the early prosthetic replacement of both knees, with a possible reduction in the peri-operative complication rate. 8 The aim of this study was to retrospectively review the clinical results of bilateral TKRs separated by one week during one hospital admission and compare these results with those of bilateral sequential TKRs and bilateral TKRs performed on two completely separate admissions. All the operations were performed by one surgeon using the same design of prosthesis in a single institution.
Patients and Methods
Between November 1997 and August 2004 the senior author (RDO) performed 104 bilateral uncemented low contact stress TKRs using the anteroposterior glide tibial component (DePuy Orthopaedics, Warsaw, Indiana). The hospital records were incomplete for two patients, who were therefore excluded from the study, leaving 102 patients (49 men, 53 women). The preoperative diagnoses are given in Table I .
The patients were analysed in three groups. There were 36 patients in group 1 who under- Patients with severe bilateral arthritis were generally staged at an interval of one week or treated as a bilateral procedure under one anaesthetic. There were no strict criteria to determine the selection of patients for each group. However, the fitness of all patients for a bilateral procedure was assessed by a senior physician before surgery. Patients deemed fit for bilateral surgery were selected for either group 1 or 2, depending on the preference of the surgeon and patient. Group 3 consisted of patients who were either considered medically unsuitable for one-week staged or same-anaesthetic surgery, or those who initially only had unilateral symptoms, for which a unilateral TKR was undertaken, but who subsequently developed symptoms in the contralateral knee necessitating a further TKR. All TKRs were performed using standard instrumentation under general anaesthesia. The patella was selectively resurfaced depending on its appearance at the time of surgery and whether patellar tracking with the femoral component was stable. The patella was resurfaced in 25 knees, using a cemented all-polyethylene patellar component in 16 and an uncemented metal-backed patellar component in nine. All patients received pre-operative antibiotic prophylaxis with gentamicin 240 mg (if renal function allowed) and 2 g cephalothin on induction, and 2 g cephalothin six-hourly until the drains were removed on the second post-operative day. Two drains were used in each knee. Autologous and/or homologous blood was used for transfusion, depending on the patient's preference and requirements. Three units of blood were routinely available for transfusion post-operatively for each knee. The transfusion threshold applied was a post-operative haemoglobin less than 10 g/dl unless the patient declined. All patients received thromboprophylaxis with either 20 mg Clexane (Sanofi Aventis, Guildford, United Kingdom) once a day for low-risk patients or 20 mg twice a day for high-risk patients, including those with a previous history of deepvein thrombosis, obesity, varicose veins, hypercoagulability states, malignancy, nephrotic syndrome, polycythemia and paraproteinemia.
All patients received a standardised rehabilitation regimen with physiotherapy commencing on the first postoperative day, which included the use of a continuous passive motion machine for three hours per day (0˚ to 90˚), regular cryotherapy and gait training.
The operative time, post-operative drainage, length of hospital stay, number of units of blood transfused and complications were recorded for all groups. Patients were assessed pre-and post-operatively using the American Knee Society (AKS) 10 and Hospital for Special Surgery (HSS) score. 11 Range of movement was measured using a goniometer. Anteroposterior and lateral radiographs were taken and assessed for radiolucencies and osteolysis by the senior author.
Statistical analysis was carried out on an intention-totreat basis. Continuous parametric data were assessed using one-way analysis of variance (ANOVA). Nonparametric data were assessed using the Kruskal-Wallis test. Categorical data were assessed using the chi-squared test. All statistical tests were carried out using SPSS version 13 (SPSS Inc., Chicago, Illinois) with a level of significance of p ≤ 0.05.
Results
The pre-operative details for each group are given in Table  II . The patients in group 3 were significantly heavier (p = 0.048; one-way ANOVA) and those in group 2 had poorer AKS scores (p = 0.001; Kruskal-Wallis test), but there were no other significant pre-operative differences between the groups. The time between TKRs for the patients in group 3 is given in Figure 1 . A total of eight patients in group 3 had bilateral arthritis requiring TKR but were considered high risk for a peri-operative complication after their consultation. They were therefore deemed unsuitable for either oneweek staged or same-anaesthetic bilateral TKRs, and underwent the contralateral TKR within one year instead. Two patients in group 1 did not receive their second TKR one week after the first. One developed pseudo-obstruction, and the second TKR was delayed as a result. The other patient had no complications following the first TKR but subsequently decided to have the second procedure during a second admission. These patients were analysed as part of group 1. The combined operative time, length of hospital stay, blood loss and units of blood transfused are given in Table   III . The patients in group 2 had shorter operations (p < 0.0001; one-way ANOVA) and shorter hospital stays (p < 0.0001; Kruskal-Wallis test). Patients having one-week staged and separate-admission bilateral TKRs had a similar operative time and hospital stay. Patients in the one-week staged group had less blood loss (p = 0.004; one-way ANOVA) but were not transfused any less than those in the other groups.
The mean follow-up and post-operative range of movement and knee scores are given in Table IV . Overall, the clinical results were good in all groups. Patients in group 3 had AKS function scores that were statistically worse than those in group 1 and 2, but they were still good (p = 0.02; Kruskal-Wallis test). Similarly, patients in group 1 had a significantly better HSS score, but the results remained good in all groups (p = 0.02; Kruskal-Wallis test). There was no significant difference between the groups in terms of range of movement or AKS score. Time to second total knee replacement for patients in group 3. The complication rate was low for all groups (Table V) . Group 2 had the fewest complications and group 3 the most, although this did not reach statistical significance. There were no deaths during the in-patient period or within 30 days of discharge in any group. At the time of the review there had been three unrelated deaths at three, four and five years following surgery. Of these, two were in group 2, the other in group 3. The miscellaneous complications in group 3 included one patient with prolonged wound drainage with negative bacterial culture which settled conservatively, one patient who required surgical removal of a retained drain, one who developed urinary retention post-operatively and required a transurethral prostatectomy, and one who suffered severe chronic post-operative pain and was transferred to a pain management specialist for further treatment. The eight patients in group 3 who were deemed medically unsuitable for either one-week staged or sameanaesthetic bilateral TKRs accounted for four complications: the first three of the miscellaneous complications listed above and one patient with arthrofibrosis requiring an arthroscopic arthrolysis. There was no significant difference between these patients and the rest of group 3 in any other regard.
Discussion
Controversy remains regarding the best timing of surgery for bilateral symptomatic arthritis. Compared with bilateral TKR staged over two separate admissions, bilateral TKR under one anaesthetic has potential benefits for both the patient and the health-care system as it results in a shorter combined operative time and a shorter combined hospital stay. 1, 3, 4, 12 A reduction in costs of up to 36% has been reported [2] [3] [4] [5] and the convenience for the patient has met with a high degree of patient satisfaction. 13 In one report, up to 98% of patients with severe bilateral arthritis, given a choice between bilateral TKRs under a single anaesthetic and bilateral TKRs under a separate admission, preferred treatment under one anaesthetic. 14 TKR is known to produce a stress response. 15 Concern has been expressed that a bilateral procedure under anaesthetic will produce a bigger physiological insult with a possible adverse effect on mortality and morbidity. The size of the stress response has been shown to be related to the amount of tissue damage. 16 The response to bilateral TKR is likely to be greater than to unilateral TKR, but this has not been studied in detail. Inflammatory markers, such as C-reactive protein, cortisol and interleukin (IL)-6 are all raised following TKR. 15, 17, 18 Cortisol and IL-6 both return to normal levels by 75 hours post-operatively.
15-17 C-reactive protein takes longer to settle. It peaks on the second or third post-operative day and is reduced by the seventh post-operative day, but is not back to normal levels. 18 By staging bilateral TKRs one week apart, the greater physiological impact of same-anaesthetic bilateral TKR is divided into two smaller physiological insults. However, it remains convenient for patients with severe bilateral arthritis as they leave hospital with both knees treated expeditiously. If significant medical complications are encountered after the first TKR, surgery on the second side can be deferred. The impact of this approach on the stress response is not accurately known, but no clinical adverse effects have been reported. 8, 9 Many of the comparative studies assessing the results of same-anaesthetic bilateral TKRs compare results with unilateral rather than staged bilateral TKR, and find many significant differences as a result. 9, 12, [19] [20] [21] This is not really a valid comparison and cannot be applied to the patient with severe bilateral arthritis who needs bilateral knee replacements. There are also studies which compare bilateral TKRs under one anaesthetic with staged bilateral TKRs. 3, 8, 9, 12, [22] [23] [24] By combining the data from several studies, 3, 9, [22] [23] [24] Oakes and Hanssen 25 reported early deaths in 0.96% of 15 316 bilateral TKRs under one anaesthetic compared with 0.35% of 50 748 staged bilateral TKRs. The reported mortality with staged same-admission bilateral TKR is 0.2%. 8, 9 Mortality risk for bilateral TKRs under one anaesthetic is higher in those with pre-existing cardiopulmonary disease 6, 26 or advanced age. 24 Studies comparing unilateral and bilateral TKRs under a single anaesthetic show a threefold increase in the risk for a cardiac event, a 1.6-fold increased risk for a gastrointestinal disturbance, a 1.4-fold increase for thromboembolism and a 1.3-fold increase in risk for a stroke or confusion. 25 However, studies comparing bilateral TKRs performed under a single anaesthetic, or staged, do not confirm this. When combining studies, the risk of thromboembolic complications following bilateral TKR is not significantly different between single-stage replacements (1.4%), staged replacements during the same admission (0.4%) and operations conducted during separate admissions (1.4%). 3, 8, 9, 12, 23 The rates of the other complications are also similar in each group. There is a reduction in the wound infection rate when the TKRs are performed under the same anaesthetic. 3, 9 There is no difference in implant longevity, with similar ten-year survival regardless of the timing of the surgery. 22 Selection bias is an issue for some studies. 3, 8, 24 Some patients are refused bilateral TKRs performed simultaneously, sequentially, or during one admission for medical reasons, as the risk of a complication is considered too great. This results in the lower-risk cases being allocated for bilateral single-stage treatment. This criticism could be made against our study. There were eight patients requiring bilateral TKR who were considered suitable only for bilateral TKRs during separate admissions. However, there was no significant difference in the pre-operative American Society of Anesthesiologists grade 27 between the groups, or between these patients and the rest of group 3. More miscellaneous complications occurred in this group, but they did not differ significantly from the rest of group 3 in terms of pre-operative details, time of surgery, hospital stay or clinical outcome. There were no major medical complications in these patients.
This study shows that staging bilateral TKRs at a oneweek interval for patients with severe bilateral osteoarthritis of the knee is an effective treatment. Measured overall blood loss was lower than for the simultaneous bilateral TKRs or staged TKRs undertaken during separate admissions. The reason for the reduction in blood loss in the oneweek staged group is not clear and should be investigated further. The post-operative knee scores were comparable for all groups. Although the total operative time and hospital stay were longer than for bilateral TKRs under one anaesthetic, the operations separated by one week allowed the patient with severe bilateral arthritis to be treated expeditiously during the same hospitalisation while theoretically reducing the physiological impact and possibly the associated risks. Furthermore, the patient's response to the first operation can be assessed before proceeding with the second side, thereby offering the surgeon more control and potentially avoiding previous concerns regarding bilateral surgery.
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